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Abstract 
The present study was carried out to investigate the potential use and economics of replacement Jojoba meal (JM), 
Simmondsia chinensis, instead of fishmeal  at different levels (0, 25, 50, 75, and 100%) through assessing the effect of 
adding Jojoba meal on growth performance, feed and nutrient utilization, and carcass composition of Nile tilapia, O. 
niloticus fingerlings.Fingerlings (average weight 1.65±0.01 g/fing.) were stocked at a rate of 10 fingerlings/aquarium for 
84 days experimental period. All experimental diets were isocaloric (437.69 Kcal/100g DM) and isonitrogenous (30.5% 
crude protein) and supplemented with L-Methionine (0.5%) and L-Lysine Hcl (0.5%). Results showed that there were a 
significant differences (P<0.05) in final body weights, average daily gain (g/fish/day) specific growth rate (SGR %), feed 
conversion ratio (FCR), protein efficiency ratio (PER), protein productive value (PPV %) and energy utilization 
percentage among the tested groups. Nile tilapia fingerlings fed on the diet containing 25 % JM S.chinensis protein 
exhibited comparable growth performance to those fed FM protein based diet. Carcass composition of fish crude protein 
decreased significantly with increasing JM replacement level above 50%, while replacement 25% JM does not affect DM 
and CP of fish flesh. On the other hand, increasing JM replacement level up to 75% increased EE % significantly and 
increasing JM up to 100% increased ash content significantly while energy content decreased.It could be concluded the 
possibility of replacement of 25% Jojoba meal instead of fishmeal in Nile tilapia fingerlings diets without any adverse 
effects on its growth performance or feed utilization.  
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1. Introduction 
Among commonly used feed ingredients, fish meal is considered the best ingredient due to its compatibility with the 
protein requirement of fish [1] and the major protein and lipid sources for aqua feeds [2] and [3].Paralleling the growth of 
aquatic animal production; diet production systems had been increased, which often relies on fishmeal as a source of high 
quality protein, highly unsaturated fatty acids, minerals and attractants. Owing to the limited supply and high cost of 
fishmeal and other marine protein sources, nutritionists have to find alternative protein sources to be included in fish diet 
production instead of fishmeal. Numerous studies have investigated the potential use of alternative protein sources instead 
of fishmeal in fish diets [12]; [13] ; [5] ; [1]; [16]. Jojoba, the perennial shrub is a promising new crop that grows naturally 
in the Sonora desert (Mexico) and in the South-West of USA. Jojoba meal that left over after seed’s oil extraction contains 
from 26 to 33% crude protein [21] as well as carbohydrate and fiber [10]. Jojoba oil prepared from seeds of S.chinensis 
Schneider growing in Egypt is not a vegetable oil but it is a liquid wax in which the unsaturated acids (eicosenoic and 
oleic) and the unsaturated alcohols (docosenol and eicosenol) are the major acids and alcohols [9].Practically, Jojoba meal 
is underutilized because it contains four anti-nutritional compounds represent 11-15% of the meal and collectively known 
as simmondsins (5-demethylsimmondsin, 4,5-didemethylsimmondsin, simmondsin, and simmondsin 2'-ferulate), that 
found unpalatable and have adverse effects on animals [27], which has been identified as the most responsible food intake 
inhibition and appetite suppression to rodents, rats, dogs, and chickens [17]. The industrial residue obtained in the pressing 
process of jojoba seed could convert into raw material for animal feed and, simultaneously, decrease the negative impact 
on the environment. Jojoba meal, as a by-product of jojoba seeds squeeze, is a promising feedstuff after being detoxified 
[20]. Accordingly, in order to use Jojoba meal as an ingredient for fish feed, it is necessary to characterize their proximal 
composition specially the protein content, preserve their quality against deterioration factors and detoxify anti-nutritional 
compounds.In that respect, several studies that tend to give benefit to the by-product; jojoba press-cake had reported 
information about chemical and microbiological detoxification methods for elimination of anti nutritional compounds 
(simmondsin) found in residual cakes and jojoba seeds Fernanda [11] of the different methods used to substantially 
decrease or eliminate simmondsins, fermentation using the bacterium of sweet (acidophilous) milk currently seems to be 
the most effective. The bacterium grows well on jojoba meal, and, after three weeks at room temperature, converts it to a 
palatable, nutritious feed [8]. In practice, a process resembling the ensilage methods already used on many of the world’s 
farms [12] can do the actual detoxification and before jojoba meal can be accepted as fish feed, it must be shown that 
hazardous compounds cannot be transmitted to fish flesh. Subsequently, the objectives of the present work were to 
evaluate partial or total replacement (0, 25, 50, 75 and 100%) of fish meal by jojoba meal S. chinensis as alternative 
protein source, after being supplemented with 0.50 % methionine and 0.50 % lysine; and the effect of replacement on 
growth performance, feed and nutrients utilization, carcass composition of Nile tilapia,O. niloticus fingerlings for 84 days. 
2. Material and Methods 
The experimental work of the present study was carried out to determine the influence replacement of different levels 
(0, 25, 50, 75, and 100 %) of JM, Simmondsia chinensis, instead of fishmeal protein on performances, of O. niloticus 
fingerlings (with an average initial body weight of 3.12 ± 0.3 g/fingerling). Fingerling were placed randomly in fifteen 
glass aquaria with dimensions of 100×40×30cm and 100 l capacity of water /aquarium; triplicates per treatment were used 
in this study.Five isonitrogenous experimental diets were formulated to contain 30.5 % crude protein and 437.69 Kcal 
average gross energy/100g Table 1. Fish were fed to triplicate groups of fish twice daily a week (six days a week) at a rate 
of 5% body weight during the first six weeks, then gradually reduced to 3% body weight until the end of the trial. The 
chemical analysis of ingredients, medicinal plants, diets and fish samples were analyzed according to [2] and [22].  Fish in 
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each aquarium were fed two times daily (six days a week) at a rate of 5 % of body weight for 84 days. Measurement of 
growth , feed and nutrient utilization were determined according to [23], [5].Statistical analyses was performed using the 
Analysis of variance ( ANOVA ) and Duncan’s multiple range test [7].  to determine different means at significance rate 
of (P<0.05). The standard errors of treatment means were also estimated. All statistics were carried out using [24].   
 
3. Results 
3.1. Growth performance and Survival rate (%) 
Table 2 shows the effect of replacement different levels of JM instead of Fishmeal (FM) on survival and growth 
performance of O. niloticus fingerlings.It was observed that replacement of 25% FM with JM does not affect survival rate 
(%) of experimental fingerlings significantly , while increasing JM replacement level up to 100% decreased survival rate 
(%) significantly (P .05). In addition, no significant differences were observed between fingerlings fed D3 and D4 in 
survival percentage. Final weight and weight gain (g/fish) was significantly differed among all treatments. The higher 
final weight and weight gain (37.45 and 35.79 g/fish) were obtained by fingerlings fed D2 diet in which 25% FM was 
replaced with JM, followed by fingerlings (36.68 and 35.02 g/fish) fed control diet (D1), in which no JM was included. 
On the other hand, the lowest final weight and weight gain (18.58 and 16.93 g/fish) were obtained with fingerlings fed D5 
diet, where 100% of FM was replaced with JM.The same trend was observed in average daily gain (ADG g/fish/day) 
where the highest value was recorded in fingerlings fed D2 diet (0.51 g/fingerling/day) followed by that fed D1 (0.50 
g/fish/day) although there are no significant difference . The lowest ADG value (0.24 g/fingerling/day) was recorded with 
fingerling fed on D5. In addition, specific growth rate (SGR, %) showed the same trend in ADG. 
3.2. Feed and nutrient utilization 
Table 3 shows the effect of replacement different levels of Jojoba meal (JM), S. chinensis, instead of FM on feed and 
nutrients utilization of O. niloticus . Feed intake was not significantly (P 0.05) differed between fingerlings fed D1 (79.98) 
and D2 (81.27) in spite of being slightly higher in case of fingerlings fed D2. Feed intake seems to reduce significantly 
(P 0.05) with increasing JM replacement level up to 100%. Feed conversion ratio (FCR) between all treatments were not 
significantly (P 0.05) differ. On the other hand, protein efficiency ratio (PER) was not significantly (P 0.05) differ 
between fingerlings fed D1 and D2 (1.44) and that fed D3 and D4. In addition, increasing JM replacement level from 25% 
up to 100% decreased PER significantly (P 0.05). Protein productive value (PPV %) was not significantly (P 0.05) differ 
between fingerlings fed D1 and D2 from one side and between D4 and D5 from the other side. Moreover, replacement of 
25% JM in D2 does not affect fingerlings PPV % significantly (P 0.05), while increasing JM replacement level decreased 
PPV% either significantly (P<0.05) in D3 and D4 or insignificantly (P 0.05) in D4 and D5.Energy utilization (EU %) 
recorded the highest value in fingerlings fed D2 and no significant (P 0.05) differences were observed between that fed 
D3 and D5. 
3.3. Carcass composition of fish 
Table 4 illustrates the effect of replacement different levels of JM, instead of FM on chemical composition (%) of O. 
niloticus .It was observed that dry matter (DM) and crude protein (CP) decreased significantly (P 0.05) with increasing 
JM replacement level above 50%, while replacement 25% JM does not affect DM and CP of fish flesh significantly 
(P 0.05).With regard to ether extract (EE), what emerged is the opposite where increasing JM replacement level increased 
EE % significantly up to 75% and no significant differences were observed between fish fed D1 and D2 from one side and 
D4 and D5 from the other side.At the same time, ash was tended to increase significantly (P 0.05) with increasing JM 
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replacement level in the diet up to 100%, while energy content (EC) decreased. 
3.4. Economic evaluation  
Table 5 illustrates the cost of feed required for producing one kg gain of O. niloticus fed the experimental diets. It was 
observed that cost of one kilogram diet, required to produce one kilogram of fish flesh, decreased with increasing JM 
replacement level instead of FM in the experimental diets.In addition, in spite the differences between treatments were not 
significant (P 0.05) feed conversion ratio for fish fed D2 realized the best value which improved with partial replacement 
(25%) of JM instead of FM and then reduced with continue increasing replacement level up to 100%. On the other hand, 
D2 realized the best growth performance and feed utilization. Consequently, the cost of D2 diet required to produce one 
kilogram of fish flesh was the optimal between treatments taking into account FCR, feed cost/kg diet and weight gain. 
4. Discussion 
4.1. Growth performance and Survival rate (%) 
Results of the present study illustrated that replacement 25% JM instead of FM in D2 improved significantly (P 0.05) 
fish final weight and weight gain, while ADG, SGR % and survival did not affected significantly (P 0.05). On the other 
hand, all growth performance parameters significantly (P 0.05) decreased with increasing replacement percentage of JM, 
more than 25%, instead of FM in O. niloticus diets. In agreement with the present results, [26] on poultry and [16] on 
tilapia reported that the negative effects on growth performance associated with increasing replacement of JM instead of 
FM may be attributed to the increase in glycosides (namely simmondsin) existing in Jojoba meal. In addition, potential 
use of jojoba meal as a waste product for animal feed [4]and [20] and tilapia feed [16] was demonstrated.  
Furthermore, [16] concluded that increasing replacement JM instead of FM in tilapia diets led to significant (P 0.05) 
decrease in growth performance, all organs indices and liver functions enzymes significantly affected. 
4.2. Feed and nutrient utilization 
Partial replacement 25% of JM instead of FM in the experimental diets does not affect fingerlings feed intake 
significantly (P 0.05). On the other hand, partial (50% and 75%) and total (100%) replacement of JM instead of FM have 
inhibited feed intake of fingerlings. On the contrary, [20] found that there were no significant differences (P  0.05) in feed 
intake and feed conversion ratio of tilapia when different levels (0. 25, 50, 75 and 100%) of JM replaced instead of FM.In 
that respect, the anti-nutritional factor found in Jojoba meal (simmondsine), has been identified as the most responsible 
food intake inhibition and appetite suppression to rodents, rats, dogs, and chickens[17]. Consequently, it was discovered 
that simmondsin acted as a hunger satiation ingredient and rather than being toxic, Jojoba satisfied the animals’ hunger, 
causing the decline in feed intake [6] Moreover, [26] demonstrated that the anorexic effect of defatted jojoba meal in 
chickens is due mainly to some palatability factors, possibly tannins and saponins; whereas in rats, [6] concluded that it 
reduces feed intake solely by its satiating effect, which results mainly from simmondsin and related cyanomethylene 
glycosides. Furthermore, [28] found that feeding birds on jojoba meal have decreased body weights marginally and 
attributed it to antinutritional factors present in jojoba meal, such as tannins, phytic acid, and trypsin inhibitors. Finally, 
[11] recommended that simmondsin should be previously eliminated from the residual Jojoba cake after oil squeeze. 
4.3. Carcass composition of fish 
The higher dry matter ,protein percentage and energy content (29.22 %),(56.14 % ) and (588.69 kcal/100g) were 
obtained for fish fed the diet D2 ( 25 % JM ) and the in inclusion of JM reached to 50,75 or 100 % ,dry matter and protein 
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content of whole fish decreased significantly (P 0.05)to (28.17,27.76 and 27.69 %) ; ( 55.33 ,54.85 and 54.71 %)and 
( 587.99,587.83 and 587.04 kcal/100g),respectively . [10] found that protein content of tin foil barb, Barbodes altus  did 
not significantly differ when fish meal replaced up to 50 % with soybean meal .Ether extract percentage in whole fish 
increased significantly (P 0.05) as inclusion levels of JM increased Table 4 .The present results disagree with the findings 
of [19]  ,they found that ether extract (%) of channel  catfish increased with each addition of fish meal to the diet .The 
higher ash percentage  (15.69 %)was estimated for fish feed the diet D5 (100 % JM) and the lowest one (15.08 % )was 
obtained by fish fed the diet D1 ( 0 % JM),although the body ash content among fish fed D3,D4 and D5 did not 
significantly different. These results opposite trend obtained by [10] with tin foil barb. 
4.4. Economic evaluation 
Replacement of fish meal with cheaper ingredients of either vegetable or animal origin in fish feed is necessary 
because of rising cost and uncertain availability of fish meal [15]. In spite of being preferred to include feedstuffs with 
relatively high levels of carbohydrate in formulated fish, feed in view of its protein-sparing effect that may make the diet 
more cost effective [14], replacement plant protein sources instead of fish meal becomes a must owing to its limited 
supply and high cost.In the present study, the cost of diet required to produce one kilogram of fish flesh decreased with 
increasing JM replacement level instead of FM in the experimental diets. Taking into consideration feed conversion ratio, 
D2 realized the best value which improved with partial replacement 25% of JM instead of FM and then reduced with 
continue increasing replacement level up to 100%. On the other hand, D2 realized the best growth performance and feed 
utilization especially FCR in spite of being not significant (P 0.05) between treatments. Consequently, the cost of D2 diet 
required to produce one kilogram of fish flesh was the optimal between treatments taking into account FCR, feed cost/kg 
diet and weight gain. In agreement, [16] recommended using 25% JM to replace FM in mono-sex O. niloticus diet to 
reduced costs of aquafeeds without any adverse effects on the fish. 
5. Conclusion 
From feed utilization data and from the economical point of view the diet contained 25 % Jojoba meal S. immondsia 
chinensis instead of fishmeal protein could be recommended as feed for Nile tilapia O.niloticus fingerlings. 
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Table1. Formulation and proximate analysis (%) of experimental diets (on DM basis). 
 
      1Diets 1, 2, 3, 4 and 5 contained 0, 25, 50, 60 , 75 and 100 Jojoba meal instead of fish  meal, respectively. 
    2Vitamin mixture/kg premix containing the following: 3300IU vitamin A, vitamin D3, 410 IU vitamin E,2660mg vitamin B1 
     ,133mg  vitamin B2,580 mg vitamin B6 ,410 mg vitamin B12- 50 mg biotin, 9330 mg Colin chloride, 4000mg vitamin C, 2660  
     mg Inositol, 330 mg  para  - amino benzoic acid, 9330 mg niacin, 26.60 mg  pantothenic acid. 
        3Mineral mixture/kg premix containing the following 325 mg Manganese, 200mg Iron, 25 mg Copper, 5 mg Iodine, 5mg Cobalt. 
         4GE= Gross Energy:-gross energy was calculated as 5.64, 9.44 and 4.11 Kcal per gram of Protein, lipid and  
       carbohydrate, respectively after [22].           5protein/energy ratio which was calculated according [18]. 
 
 
 
Table 2. Effect of different levels of Jojoba meal on growth performance of Nile tilapia fingerlings. 
 
1Diets 1, 2, 3, 4 and 5 contained 0, 25, 50, 60, 75 and 100 Jojoba meal instead of fishmeal, respectively. 
2ADG= Average daily gain (g/day/fish)                                            3SGR= Specific growth rate (%/day 
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Table 3. Effect of different levels of Jojoba meal on Feed and nutrients utilization of Nile tilapia fingerlings. 
 
a, b, c, Mean bearing the same letters within each column do not differ significantly (P<0.05). 
1Diets 1, 2, 3, 4 and 5 contained 0, 25, 50, 60, 75 and 100 Jojoba meal instead of fish meal, respectively. 
                        2FCR= Feed conversion ratio.                       3PER  =Protein effecincy ratio..       4PPV= Protein productive value . 5EU=Energy utilization  
 
Table 4. Effect of different levels of Jojoba meal on chemical composition (%) of Nile tilapia fingerlings. 
 
a, b, c, Mean bearing the same letters within each column do not differ significantly (p<0.05). 
1Diets 1, 2, 3, 4 and 5 contained 0, 25, 50, 75 and 100 Jojoba meal instead of fish  meal, respectively. 
2CP=crude protein           3EE=Ether extract             4Eco=Energy content (Kcal /100g). 
 
Table 5. Cost of feed required for producing one Kg gain of Nile tilapia fingerlings fed the experimental diets. 
 
                      1Cost of 1 kg ingredients used were 7 L.E for fish meal, 2.25 L.E for Soy Bean Meal, 1.75 L.E for Yellow  Corn, 1.10 L.E for 
                wheat bran ,  1.50L.E for  Jojoba Meal , 8 L.E for corn oil , 8 L.E for Vit & Min. mixture ; 30 L.E for L-Methionine and  
                40 L E. for L-Lysine. Egypt . Feed  Ingredients Price at start of 2011. 
               2FCR = Feed intake per fish per period/ final weight per fish (Kg/Kg). 
                        3Feed cost per one kg fresh fish (LE)= Cost /kg diet (LE) × FCR 
                        4(Experimental diet cost/kg ÷ control diet cost/kg) × 100. 
 
